Multisensory processes facilitate perception of currently-presented stimuli and can likewise enhance later object recognition. Memories for objects originally encountered in a multisensory context can be more robust than those for objects encountered in an exclusively visual or auditory context [1] , upturning the assumption that memory performance is best when encoding and recognition contexts remain constant [2] . Here, we used eventrelated potentials (ERPs) to provide the first evidence for direct links between multisensory brain activity at one point in time and subsequent object discrimination abilities. Across two experiments we found that individuals showing a benefit and those impaired during later object discrimination could be predicted by their brain responses to multisensory stimuli upon their initial encounter. These effects were observed despite the multisensory information being meaningless, task-irrelevant, and presented only once. We provide critical insights into the advantages associated with multisensory interactions; they are not limited to the processing of current stimuli, but likewise encompass the ability to determine the benefit of one's memories for object recognition in later, unisensory contexts.
The contexts in which learning and retrieval of memories occur can refer to external or internal states (for example, being in a particular room inebriated) or alternatively to fine-grained stimulus features (such as their colour or position) [2, 3] . Traditionally, memory has been scientifically investigated under unisensory conditions, despite most real-world situations being multisensory and despite multisensory information oftentimes benefiting perception and thus being well-poised to facilitate memory [4] . Investigations of memory from a multisensory perspective have yielded discrepant results. Some observed that multisensory contexts are beneficial to memory formation and retrieval [1] , while others obtained the opposite pattern [1, 5] . Individual factors and/or trial-to-trial variability may therefore determine whether multisensory learning will be beneficial. We tested whether multisensory processes related to perceptual salience at one point in time predict an individual's later memory performance.
Participants completed a continuous recognition task involving the presentation of individual images and requiring the discrimination of initial ('new') from repeated ('old') items. Unbeknown to them, half of the initial images would be presented together with a meaningless sound, resulting in two encoding contexts. Accuracy differences in recognizing (unisensory) image repetitions showed there were individuals who either improved with or were impaired by prior multisensory versus visual encoding ( Figure 1A ,B). Notably, there was no evidence for a general difference in behaviour between these sub-groups; performance was indistinguishable on both initial and repeated encounters as well as in same and different contexts, arguing against general attention or arousal differences. Rather, only the relative performance difference between types of repeated encounters distinguished participants (significant interaction; Supplemental Information). These accuracy differences were directly linked to processes specifically during the encoding of multisensory information.
Electrical neuroimaging analyses of ERPs [6] focused on differences The behavioural results obtained from repeated image presentations indicated that some participants improved with different contexts between the initial and repeated image presentations involving multisensory pairings, and some participants were impaired by such context changes (red and black dots, respectively). (C) In order to determine the predictive value of multisensory contexts during encoding for later unisensory memory performance, ERP strength was quantified using Global Field Power triggered by initial image encounters. Individuals improving with context changes showed significantly stronger Global Field Power in response to multisensory stimuli than did individuals impaired by context changes (red versus black waveforms, respectively; mean ± s.e.m. shown; p < 0.05 for contiguous >10 ms indicated by the shaded blue interval). This difference was observed over the 270-316 ms post-stimulus period, and no differences whatsoever were found in response to unisensory visual stimuli (Supplemental Information). (D) Correlation analysis between Global Field Power to multisensory stimuli and later differences in object discrimination accuracy as a function of time was performed and revealed significant positive correlation over the 273-316 ms post-stimulus period (r (10) > 0.575; p < 0.05 for continuous >10 ms indicated by the shaded blue interval). (E) Significant differences in distributed source estimations were observed within the inferior parietal sulcus bilaterally and are displayed on a set of sagittal slices (p < 0.05; k E > 17 nodes). (See Supplemental Information for further details.) in the processing of multisensory stimuli ( Figures 1C-1E) . No group differences were observed in response to visual stimuli (see Supplemental Information), ruling out general differences in stimulus processing across individuals. ERPs significantly differed between individuals later improving from versus being impaired by the initial exposure to multisensory stimuli, being stronger in individuals who later exhibited improved recognition. This was further substantiated by a correlation analysis between ERPs in response to initial encounters with multisensory stimuli and later differences in object discrimination accuracy as a function of time. These modulations appear to be elicited implicitly; there were no group differences in explicit awareness of or selective attention to the multisensory aspect of the experiment. Source modelling showed that the ERP enhancement was localized to bilateral posterior parietal cortices. Prior findings have implicated these regions in perceptual benefits of multisensory object recognition [7] . In other words, brain activity in response to single-trial multisensory events was indicative of how well an individual would later recall the constituent unisensory (visual) elements.
Critically, this pattern of results generalized to a separate experiment involving another set of 15 participants, who instead performed the task in the auditory rather than visual modality. The pattern of behaviour and brain activity in this follow-up experiment was strikingly similar to that observed in the main experiment and confirms the predictive value of multisensory processes for later memory performance (see Supplemental Information).
These findings provide an additional important challenge to the longstanding belief that recognition is best when encoding and retrieval contexts are identical [2, 3] . Previously [1] , we showed that single-trial exposures to multisensory contexts are sufficient to improve recognition performance relative to purely unisensory contexts. We originally observed this improvement exclusively when the multisensory context involved a semantically congruent object pairing [1] . Here, we show for the first time that improvements can be elicited even when the multisensory context involves meaningless stimuli and can be predicted by specific patterns of brain responses to previously-experienced multisensory information.
However, this memory facilitation depended on individual factors. Some participants improved with context changes, and others were impaired by such changes compared to unchanged and exclusively unisensory contexts. Our results suggest it is how the brain responds to multisensory information that translates into later memory function (at least in the present task). One possible explanation is that some people are more prone to multisensory interactions, even when successful task completion does not require it. By contrast, others are less prone to multisensory interactions, particularly when selectively attending to one modality either due to task context and/ or instructions (see Supplemental Information).
By focusing on inter-individual variations, we provided the first evidence for a direct link between brain activity in response to multisensory information at one point in time and later visual object discrimination abilities. This demonstrates the behavioural relevance and the ethological value of multisensory processes even in situations where the importance of these processes might not be readily observed at the group level. Notably, a particularly effective strategy for learning may in fact rely on (implicit) processing of task-irrelevant stimuli presented to another sensory modality. A fuller understanding of the behavioural and neural bases of inter-individual differences will undoubtedly be a critical step in applying our findings. Such notwithstanding, multisensory information does confer substantial learning benefits across the lifespan and in health and disease [8] [9] [10] . 
Supplemental Information

